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APPENDIX 8-C. LIFETIME DISTRIBUTIONS 

8-C.1 INTRODUCTION 

For each product class, DOE characterized the product lifetime using a Weibull 

probability distribution that ranged from the minimum to maximum lifetime estimates described 

in chapter 8, Life Cycle Cost and Payback Period Analyses. The Weibull distribution is 

recommended for application to lifetime data because it can be shaped to match low, average, 

and high values while still allowing some probability of exceeding the high value.
1, 2 

8-C.2 DERIVATION OF WEIBULL DISTRIBUTION PARAMETERS 

DOE utilized an approach for calculating the Weibull distribution using product lifetime 

data to determine low, average, high value, and percentile of high value. A similar approach is 

described in the Crystal Ball Technical Note, which uses the most likely value instead of an 

average. 
3 

Available data is used to assign low, average, and high values to a random variable 

with unknown distribution parameters. 

The Weibull distribution can be defined as: 

β
⎛
⎜ 
⎝

x L ⎞
⎟ 
⎠

β −−1

⎛
⎜
⎝


⎞
⎟
⎠


β
 −x − L
 αf (x) =
 exp
 
α
 α
 

Where: 

L = location 

α = scale 

β = shape 

Therefore, the cumulative distribution is: 

β
⎛
⎜ 
⎝

⎞
⎟ 
⎠

x−L 
− 

αF (x) = 1 − exp
 

Based on available data, Weibull distribution parameters are specified in the following 

manner: 

1.	 The output deviates must be greater than the expert opinion for low value, 

2.	 The average Xavg, must be equal to the average value from the available data, 

3.	 The high value, xb, must correspond to some particular percentile point (e.g., 95 percent, 

or 90 percent) 

The values for the parameters in the above equations are determined using the approach 

outlined in the Crystal Ball Technical Note.
3 
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This solution can be checked using Crystal Ball by specifying a Weibull distribution with 

the calculated parameters (location, scale, and shape) in an assumption cell and generating a 

forecast equal to the assumption. The forecast histogram and statistics verify that the Weibull 

distribution matches the desired shape. 

8-C.3 WATER HEATER LIFETIME DISTRIBUTIONS 

Table 8-C.3.1 shows the average, minimum, and maximum lifetime, and maximum 

percentile values used to determine the Weibull distribution parameters alpha and beta for water 

heaters. The analysis utilized a maximum percentile of 95 to 99 percent. 

Table 8-C.3.1 Water Heaters 

Product Class 

Expert Opinion Values 

Weibull 

Parameters 

Minimum 
(years) 

Average 
(years) 

Maximum 
(years) 

Maximum 

percentile 
(%) 

Alpha 

(scale) 

Beta 

(shape) 

Gas-Fired/LPG Storage 6 13 20 95 7.8903 1.9134 

Electric Storage 6 13 20 95 7.8903 1.9134 

Oil-Fired Storage 6 13 20 95 7.8903 1.9134 

Gas-Fired Instantaneous 8 20 30 99 13.4203 3.0897 

Figures 8-C.3.1 to 8-C.3.8 show the Weibull distributions for each water heater product 

class. 
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Figure 8-C.3.6 Cumulative Lifetime Length of Oil-Fired Storage 
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8-C.4 GAS-FIRED POOL HEATERS LIFETIME DISTRIBUTIONS 

Table 8-C.4.1 shows the average, minimum, and maximum lifetime, and maximum 

percentile values used to determine the Weibull distribution parameters alpha and beta for gas-

fired pool heaters. The analysis utilized a maximum percentile of 99.5 percent. 

Table 8-C.4.1 Gas-Fired Pool Heaters 

Product Class 

Expert Opinion Values 

Weibull 

Parameters 

Minimum 
(years) 

Average 
(years) 

Maximum 
(years) 

Maximum 

percentile 
(%) 

Alpha 

(scale) 

Beta 

(shape) 

Gas-Fired Pool Heaters 3 10 20 99.5 5.4466 1.3417 

Figure 8-C.4.1 and Figure 8-C.4.2 show the Weibull distributions for pool heaters.
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Figure 8-C.4.2	 Cumulative Lifetime Length of Gas-Fired Pool 

Heaters 

8-C.5 DIRECT HEATING EQUIPMENT LIFETIME DISTRIBUTIONS 

Table 8-C.5.1 shows the average, minimum, maximum lifetime, and maximum percentile 

values used to determine the Weibull distribution parameters alpha and beta. The analysis 

utilized a maximum percentile of 99 percent. 

Table 8-C.5.1	 Direct Heating Equipment 

Product Class 

Expert Opinion Values 

Weibull 

Parameters 

Minimum 
(years) 

Average 
(years) 

Maximum 
(years) 

Maximum 

percentile 
(%) 

Alpha 

(scale) 

Beta 

(shape) 

All DHE Equipment 10 15 20 99 5.6257 2.6548 

Figure 8-C.5.1 and Figure 8-C.5.2 show the Weibull distributions for direct heating 

equipment. 
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